Ethanol extracts from dried leaves of wild Lepechinia salvia (Lindl) Epling, collected during the flowering period (September-November), contained 15% to 25% carnosic acid and 2 to 8% carnosol, depending on the month of collection. The highest concentration of carnosic acid in extracts was in October, while carnosol concentration had a peak in September, which suggests that it is not a product of carnosic acid oxidation. A comparison of extracts obtained in September 2008 to 2011 shows that the production of both abietanes increased in years with less winter rainfall and higher temperatures, which induced an early blooming. EC 50 values in DPPH radical scavenging and antiproliferative (CCRF-CEM tumor cells) bioassays confirm that the high bioactivity of the extracts of rosemary, sage and L. salviae does not arise only from carnosol and carnosic acid. The cytotoxic activity was significantly higher in extracts of L. salviae, probably due to water stress differences between the cultivars and the wild species. These results correlate well with the close phylogenetic relationship between the three species, and their similar medicinal uses.
Lepechinia salviae (syn. Sphacele salviae, Lamiaceae) is a deciduous aromatic shrub, found from July to the end of November in Central Chile. The fresh and dried leaves were used in past centuries in herbal teas, tinctures and wine extracts to treat wounds, colds, facial paralysis, glycaemia, nervous fevers, gout and rheumatism or brain congestion, among other ailments [1] . However, nowadays the medicinal use of this species is almost unknown, except in small country areas.
In a previous chemical study [2] of a dichloromethane extract obtained from fresh leaves, we reported the isolation of ursolic acid, carnosic acid (1) and carnosol (2) along with minor amounts of other related abietanes. These results corroborated the phylogeny [3] of the American genus Lepechinia, closely related to Rosmarinus officinalis (rosemary) and European Salvia officinalis (sage), the main natural sources of carnosic acid.
Increasing numbers of publications on the biological activity of rosemary extracts, carnosic acid and carnosol have appeared in scientific journals in the last ten years. The reports of in vitro and in vivo studies show that the strong antioxidant properties of 1 and 2 would interfere with some oxidative biological processes related to the metabolic syndrome (obesity, diabetes, cancer, and hypertension) and neurological disorders [3] [4] [5] [6] [7] . In a recent clinical trial, powdered rosemary leaves administered to hyperglycemic patients lowered significantly their triglycerides, glucose and cholesterol levels in a dose-dependent manner [8] . All these results support the medicinal uses of rosemary and suggest that carnosic acid and carnosol, the active principles of this species, could be important leads in the search of new medicines. In order to obtain further evidence for the medicinal importance of L. salviae, based on the chemical similarity with rosemary, we now analyzed the relative concentrations of 1 and 2 in ethanol extracts obtained from leaves collected from a wild population. To compare the antioxidant activity of the total ethanol extracts of sage, rosemary and L. salviae we measured their relative anti-proliferative (CCRF-CEM tumor cells) and DPPH radical scavenging activity. According to a recent report, these bioassays correlate with a high concentration of carnosic acid in rosemary extracts and a synergistic effect with triterpenes present in the extract [9] .
For the chemical study, the ethanol extracts of L. salviae, obtained in four different months, were extracted with water-ethanol mixtures of increasing polarity, using an ultrasonic bath, in order to separate 1 and 2 from polar compounds [10] . Combination of fractions, according to their relative composition in TLC analysis, led to three extracts. The first extract contained polar compounds that solubilized in 0-25% ethanol-water fractions. Compounds 1 and 2 appeared in the extract corresponding to 50-75% ethanol fractions and the third extract contained a mixture of triterpenes, which was only partially soluble in ethanol. Filtration through a RP-18 cartridge, led to the isolation of ursolic acid from this extract.
The results of this partition (Figure 2a) show an increase in polar compounds and triterpenes from September to November while the extract containing 1 and 2 remains almost constant. To quantify the concentrations of 1 and 2, extracts containing them were filtered through a cartridge (RP 18) and analyzed by HPLC. Results of HPLC analysis (Figure 2b) show that the concentration of carnosic acid in dried leaves varied from 1.5 to 2.8 %, reaching a peak in October, while carnosol concentration was highest in September (0.8%) and decreased to 0.3 % in December. Ursolic acid concentration varied from 2.2 to 3.7 %, with a peak in November. These results show that the amounts of 1 and 2 in L. salviae are similar to those found in wild rosemary, although the values reported vary widely depending on the accessions studied, environmental factors, treatment of the plant material and extraction conditions [11, 12] .
A climate change in Chile between 2008 and 2011 ( Figure 3 ) led to a lower relative humidity in spring and water stress in plants, which should trigger the production of antioxidants in leaves [13] . Accordingly, HPLC analysis of total ethanol extracts of L. salviae collected in September 2010 and 2011 ( Figure 3c ) showed that the concentration of 2 in leaves (1.4%) almost doubled in comparison to Sept. 2008 (0.8%). The concentration of carnosic acid was also higher and similar to October -November 2008. This possibly arises from an early blooming derived from the temperatures recorded in August 2010-2011 ( Figure 3 ).
On the other hand, the high concentration of carnosol in September and its decrease towards the end of spring suggests that this compound appears early after dormancy and not from carnosic acid oxidation, as reported in rosemary. This behavior can arise from the short life cycle of L. salviae that concludes before summer, when UV radiation and water stress reach their highest levels. The HPLC profiles (Figure 4 ) also show a broad signal (1.75 min) that increases by almost 70%, in terms of relative area, from 2010 to 2011. This signal must arise from unidentified polar phenolic compounds that increase in concentration under drought conditions, as occurs in rosemary [14] .
Bioassays (Table 1) with L. salviae extracts did not show the differences in activity expected from carnosic acid concentrations in September and November. The low EC 50 values found in both bioassays indicated that the extract activity does not arise only from 1 and 2 and, therefore, there must be a contribution from other compounds in the extract that enhance the activity, like triterpenes and rosmarinic acid reported in rosemary. Under the same experimental conditions, rosemary and sage were less active than L. salviae. This result is consistent with the differences in water stress in cultivars, in comparison with wild species [11] . In conclusion, the results of this study show that L. salviae produces carnosic acid and carnosol in amounts that are similar to those reported for rosemary. The high antiproliferative activity of the extract suggests the presence of other cytotoxic compounds, yet unknown, which potentiate the effect of carnosic acid and carnosol. On these bases, L. salviae must be considered an important medicinal plant and the reported variations in concentrations of 1 and 2 in the leaves should be taken into account in the collection of wild specimens for medicinal preparations. 
Extraction and partition of extracts:
Leaves dried in shade to constant weight (one week, r.t.) were ground and extracted twice (30 min, 10 g/100 mL, 95% EtOH) in an ultrasonic bath, following a method reported in the literature [10] . Combined filtrates were then rotovaporated to dryness at 40ºC. The dry residues were extracted (2 x 5 mL) by sonication (10 min) with water-ethanol mixtures (0, 25, 50, 75%, ethanol). Combination of fractions, according to their polarity and similar composition on TLC (MeOH-DCM 1:9) afforded 3 extracts (E1=0-25%; E2=50-75% E3= EtOH). [15] . Stock solutions (3 mg/ mL) of 2010 and 2011 ethanol extracts were diluted (0.5 and 1.5 mg/mL in MeOH) and analyzed under the same experimental conditions. Concentrations of 1 and 2 in the extracts, determined by interpolation, are the mean of two determinations at each extract concentration. In 2010 carnosic acid and carnosol concentrations (in g/ g of extract) were 0.30 ± 0.02 and 0.15 ± 0.001 respectively, while in 2011 the corresponding concentrations were 0.22±0.01 and 0.079±0.003 g.
Carnosic acid concentrations in E2 extracts obtained from September to December were 0.15±0.03, 0.24 ±0.02, 0.14±0.01 and 0.15± 0.01 g/g of extract. The concentrations of carnosol in the same period were 0.08±0.01, 0.041± 0.06, 0.022±0.005 and 0.021± 0.008 g/g extract.
MTT-cell proliferation assay:
Suspensions of CCRF-CEM tumor cells (acute lymphoblastic leukemia, ATCC® CCL-119 TM ) were prepared in RPMI-1640 medium supplemented with 100 IU mL -1 of penicillin, 100 µg mL -1 of streptomycin and 10% newborn calf serum.
Cells solutions (10 4 c/mL, 100 µL per well), in 96-well flat-bottom plates containing different concentrations of either 1 and 2 (5-100 µM) or sage, rosemary and L. salviae ethanol extracts (0.1, 0.5, 1, 5, 10 and 50 mg/mL) were incubated for 48 h at 37°C under a humidified atmosphere of 5% CO 2 in air. The centrifuged plates afforded the cell residue that was twice washed with DPBS, before addition of MTT (0.5 mg/ mL in RPMI). After incubation (4 h) with MTT, Triton X100 in 0.01M HCl (20 µL) solution was added to each well and plates agitated (1 min) to dissolve the formazan produced. Plates were incubated for 5 min before reading absorbances at 570 nm with an ELISA plate reader. Cell viability (%) was obtained as the ratio of absorbances between treated and untreated cells. EC 50 is the concentration of extract (or pure compound) required to reduce cell growth by 50% and is obtained from the plot (cell viability vs concentration). Doxorubicin was used as positive control (EC 50 = 0.018 µg/mL) and all the experiments were made by triplicate. 
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